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Abstract
Adv a nta9eistaken ofa uniqu e spe ctr alJeaiu r eofs oil bio9e nic c r u st c o niainin9 Cya n Obae-
ieria. Iih,a sbe erl･ Shown thatike specialphyc obilin pigm e nt irr･ cya n obacte ria co ntribu舌e sin
produ cing a relativ ely hi9h･e r r ePeeta nc ein 肋e blue spe ctral r egion tha n ike sam e 舌ype of
s ubsirate witho ut the bio9er7･ic cr ust. A spe ctral cr u st indea;(CI)ha sbe erl･ de veloped, based
o nthe n o r m, aliz eddiHe re rl･C ebetw e e nth,eliED a r7･d the BLUE GPedralv alu e s:
C I- 1 - (RE D - B L U E)/(R E D＋ B LUE)･
Applying the inde xto a s a nd dun e e n viron m ent, ifhas be占n shown 肋 aモthe CT c a nbe
u s edto dete ct a ndto m ap,Ibm r,em ole s e n singim age ry, diDert mt litholo9ic/m orpholo9ic
u nits such a s a ctiv e s a nds
,
c r u sted inte rldu n e a r e as ndplaya s, which a re e呼 r eSedin, 仇 e
topography. As a m appingtOOl 統e CI im ageis muc77･ m o r e S e n sitiv eto the groundjbatures
挽an the o rigin al im age. The abserl.C e, eCisten c e, a nd distributio n ofs oitcr ust a re a nim .por-
tanl info r m atio nfo rdese rtijcalio n a nd clim ate change Sludie s･ T hey a r
.
e als ohi9hEy valuable
info r m ationforde v eloping a9ric uliu r alregion s and/o rinhuiru 血 re s m･ a rid en vir Dr m ,enis
sin竿 soilcru sts c o ntributeio s oilstability, s oil build
- up, s oilfe rtiliy･ a nd to the s oilw ate r
re9im e1
1. In七r od11 Ction
Soilc rustfo r m atio nis ac om m o n and widespr eadphe no m e n o nin ari dands emi
-
arids oils･
Distin ction Sho uld be m ade betw ee n
"
physical
”
and "bioge nical
”
c ru B七fo rm atidn s･ Physical
crllStis defin ed占ithe r aB O n eform edby a co m bin atio n ofraindr opimpa ct o nthe s oils11r払ce
along with physio chemicaldispe rsio n of s oilclay, or as on efo r m ed by七he sedim e ntatio n of
払 e m ateri alas tu rbidw aterinfiltrate sfolowing o v e rla nd且o w(Sing
.
e r･ 191)･
T he bioge nic alsoilc a nbe form ed bydi圧e re nt c o mbinatio n s Of m l C rOphytic c o m m unitie s
includ ing m oss?s, 1iche n s,1iver w o rts7 alga e, fungi, Cya n Oba cte ri
a
7
aS Well a sbacteria(West,
1990). The m lCrOPhyte s c angro w o ndi鮎 rent r o cky m 8terialB Su ch aLS lim e stone, chan(,
dolo mi te, 且int, s andstones, gr 弧ite, aS w ellas o n diffe re nt s oilty pes S u ch a slo e ssand dun e
s a nd(West, 190). T hey a re w elladapted fo rprim a ry c oloniz atio n ofariden vir o n m e ntsdu e
to their e xtr aordinary ability o s u rviv edesicc ation a nd extr em e te mperatures(upto 70
o
),
highpⅡ and salinity. Co n s eqll e ntly, w ell dev eloped micr ophytic soil c ru s七 c om m u nitie s a re
fo u nd o n s oils inari da nd se mi- ari da r e a sthr o ugho ut the w o rld,
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Data about the soilcru stsin arid lands c onteIltS CO n Sider able infor matio n wi thre spe c七to
thedes e r七 e cosyste ms sinc ethe s oilc r u st co ntribute to soilstability, s oilbuildup, s oilfer七il-
ity, a ndto the s oilw ate r regim e. T he refor e, abs en ce, e xiste nc e a nddistri bltion of soil c rust
iB animpo rta ntinform ation with c o njunction to deserti丘c atio n and clim ate change studie s.
Itis als o ahighv alueinform atio nfo rde veloping agriculturalregionB and/o rin丘a stru ctu r e B
in aJid envir o n m e nt.
How e v e r
, de spitetheimpo rta n c e ofthe soilcrust andits v a stdis七ribu七io n o v e r aid aJld
S emi- aridsoils
,
httleiskn o w n abo utthe ability o dete ct a nd m apde s e rt c r ustsby r e m ote
se n sing m ethods. Spectralrefle cta n ce cln
.
V eg Ofdiffe r e nt de sert mic r ophytic c o m mu nitie s a r e
pr e s e ntedby Age r a nd Milto n(1987), 0'Neill(1994), T hmp andSte enis,(1 995), Ka mieli
and Ts o a r(195), Ka mieliei all (1995)and Kamielia nd Sa r afis(195)･ So m e efforts to
m apbioge nic c r usts micr ophyte sba sed o nLandsat- MSSim agesha p ebe e n m adeby We ss els
a nd v an Vu llr en(1986)a nd Ts o a ra nd Ka mieli(1995). T hese wo rks show the c apacity七o
visllal1y difFere Ⅱtiate and cla s si& βe veraltype s ofc ru st . T he aim oft.he pr e se nt w o rkis七o
m ap v a riousty pes Ofc r u st byrelatingn ew kno wledge abo lltt,heir spectral fe atu r e sto a e rial
photogr aphs and S atelliteim age s.
2. Data a n alys e s a nd re s ults
Fieldm e a BID em en七8 W ere C a rried outirl･ - Situ by usingthe Li
- Cop LI1 1800po rtable spe c-
tro m eter. A um e asurem e nts we re obt ain ed alm ost sim ulta n e o uslyin the sa nd du n eare a a七
Sedeliala mi8hsite.
Fiv eSpe ctr a ad
t
e Pr e S ent･edin Fig- 1: in terd une playa c rllBt, bar e a ctiv edt n es a nd, and
thr ee cya noba c七eria c ru sts sa mpled atthe n o rthandsollthfa cingofthe baBald une a s w ellas
fro mtheinterd un e c r u sty Su rfa c e. The s e spe ctradifferfr o m e ach othe rbythe fin e s c onte血 ,
T he se spe ctr ahav e atypicalsoilshape, na m ely, r elativelylo wintheblle regio n and in c r e a s es
gradual lyto w a rdsthe nearinfr ared r egion, ho w e v er, o n e c an n o七ic ethe slightdip ofthe c m st
spec七r 8. fr om 60 to 700n m on ac co u nt ofthe o rgamic m a七e rialofthe cyan obacte ria. T he
playa spe ctru mha sthehighestr e且e ct an c e v alu e sin al1 bands. Lo w eristhe a ctiv ed un e s a nd
spe c七r nm whichis r elativ ely highin the red a nd N IRspe ctral bands while al1 the others
bioge nic crust Spe ctr aCro s it atdiffe r e n七points alo ngthe visible r ange.
The spectral fe atu r edes cri bed aJbo v e, i. e. , highe r r e且ect an c e valu e s ofthe crll Sted S a mples
vhe n cyanoba cteria exists r elativetothe ba r edu n esa nd ha sbe e nobservedin s e v e r al other
e x a mple s which r ecently p-1blished byJa c ob be rge r(1989) Tro mp and Ste e nis(1995)a nd
X a mieliet al. (1996)(Fig･ 2)･ Notethatin al 1the spe ctr a whe r e cy anoba cteriaisin v olv ed,
either a s afre ealgae orin conju nctio n withliche n s, the r efer e n c e spe ctru m(ba r esubstr ate
c onsists of either soilo r r o ck wi tho ut crllSt)and the c ru st spe ct ru m c ross e a ch othe r at
abo 11七 50 n m. T he refer e n c e c u r v e sha v ehighe r r e且e ctanc ein the r ed and N IR r egio ns
a ndthe c r ust C urv e sha v e ahighe r r e且e ct an c ein the blu e r egio n. In othe r c a Be , When n o
cu rve cros singis obse rved, the Slope ofthe mic rophytic spe ctr um is gentle rthan that ofits
s ubstrate . Se v e rale x ample softhis phe n o m e no a r epr e s e nted in Age r and Milto n(1987)･
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Figu r el,: Spe ctral reflect.a n ce 丘eld m e asu r e ment,a Of diffe r e nt
geo m o rphological- s edim e ntological11 ni七sin the study area
wi t h the re spe ct.ive v alue s ofthe calc l at,ed cr u st, index
(CI)･
Ka mieliand Sarafis(1996)Showedthat relativ ehigher r e且ec七ivi tyofc ru B七h theblue r e-
gion is causeddlユetOthe 8peC七ralcha r a cteristics ofthephyc obi 血pigm en七s. P hycobilins are
protein pigm ents c o nt aining aline ar七e七rapyr rol a sthe chr om opho r e. T his type ofpigm e nt
i8 1皿iquefor cyanoba cteria a ndge n eralyno七det,ectablein higherpュa血s.
T he llnique spe ctral fe atur eofthe bioge nic c rlBtdis cllSSedprevio u sly w a s u sedforde riv -
ing a c ru B七 index(CI). T hisinde xis aim ed to diEe r e ntia七e betw e n c ru sted and u n cr u sted
ar e a sa 8W ella B am O ng ar ea B wi thdiぽer entfine s and o rganic m atter c ontents. T he proposed
c ru stinde xhasthefor m of:
CZ 1-
RE DI BLUE _ NZ R
- BLUE
宍ゴ1 -
RE D ＋ B LU E ‾
-
NI R＋ B LUE (
1)
wher eB L UE
,
R E Da nd N IBare七he 400- 50, 600 - 700, and1700
I 800 n m spe ctr al
b ands, re spectiv ely,in units ofr adian c e s, r efle ctan c eor atlea st
`
appa reHt. r e且e ctan ce
'
. T he
CI valu e sliein the r ange of - 1.0to ＋1.0 bu七uBu al1y po sitiv e s. Theideabehind this equatio n
isto calculate七he n o r maliz eddiffe r en c ebetw e e nthe relativ ehighe r r efle ct an e e which o ccu r s
in the r ed regio n andthe minim alrenectanc ein the bln eregio n. T he s ubstc a ctio n of七he
diffe r enc efro m 1 is s uggestedin o rde rto c r e ate highe r valu e sfo r s oilriched with fin e s a nd
o rganic m atter conte nts. T he calculated CIvalu e sfo rthe field spe ctral 皿 eaS11re me ntS ar e
pr ese nted in Fig, 1.
T heinde xha sbe e nimple m e nted o nthe colo rphotogr aph of Sede H alamish Bite(Fif. 3),
The b righte st to n e s, alm ost white, in this photographs refle ct fro m the playa are a s, Les s
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al. ,(1 99 6).
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F igu r e3: Color a e rialphotogr aph of t he study ar e a. N ote the a ctiv e
du n e s ands in yello w) biogenic c rusts in gr ayl and playa
ar ea sim white.
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b right 七on e s re且e ct色･o m thed une Band are a s while七he da rker七on e sre且e ctfro mthe cr u Bted
a reas. In 七he r e sultedim age o ne might n otic ethat the S a me Playa a rea s appe a rin bla ck,
the s and dune in brighttone s, alm o st white, a nd biogenic c ru sted are asin diffe re n七gr ay
le v els betw ee nthe pr evio tLStw o e Xtrem e S･ T he r e sults of七he CIco mputatio n a repr e s erlted
in Figu r e4. On e w ould n otic ethat the sa me playa ar e as Which originally appe a rin bright
tones, here appe a rindarkton e s, the sand dune sre m ain in bright to n e s(alm o st White), and
bioge nictru sted a r e a sin diffe r entgrayle v elsin-betw e e n･
Tw o c ross S ectio n sofgraylev els a r epres ented in Figur e5･ One pro丘1eha sbe e nge n e r ated
丘o mthe r ed c olo r ofthe originalaerialphotograph(line A - Ain Figu r e3). T he othe r si milar
pro且1ehasbe e ngene ratedfro m the re sultingCI im age(lin eB - Bin Figu r e4)･ Fh m Figu re5
i七c an be se enthatby applyingthe CI, the o v e rallim age c o ntr a st has bee n enhanc ed alm ost
七othe e ntir edyna mic range of thedisplaydevic e(0 - 255)･ The refo r ethe CIpr o丘1eis m llCh
m o re se n Bi七iv etothe gro und fe atu r e sthan the originalprofi1e. T he 皿 OSt in七er e s七ingis sllein
this figl ∬eis that the pla･ya ar ea stu r n良o m r elativ elyb right to n e sinthe o riginalspe ctrl皿
to alm o st a bla ck colo r. Here the playa a r e as hav ethe highest CI valu e s(> 0,725) and the
lo west gr ayle v els(0 - 70)･ Theinte rdu n ec ru st ap pe a rin 血 e r mediate gr ayto n e s･ T heir
CI valu e sare c on丘ned within 0.625- 0.725andthe c orr e sponding gra,yle v els a r e70
- 150.
La stly,the activ ed un e sa nds Whichappea rin b right tonesin Figu re4 hav eCIvalu es ofO･55
- 0.625andgr aylev els of150- 220･
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